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Abstract 
An energy network with polygeneration system and CCS suitable for China was proposed in 
our previous work in consideration of low-cost CCS and energy providing safety. In this paper, 
based on life-cycle analysis, the role of the Energy Network has been investigated at the national 
level. Results show that with the import dependency of oil controlled in the range of 40%-60% 
during 2020 to 2030, up to 22% of the total capacity of coal fired supercritical power plants may 
be replaced by hundreds of new polygeneration plants for electricity and alternative fuels. When 
the oil import dependency will be kept from 40% to 60%, the Energy Network can save 20%-30% 
of energy and cut down 30%-40% of total costs every year compared to the present method with 
coal fired supercritical power plants and traditional alternative fuel plants with CO2 capture. And 
the Energy Network can capture more than 0.1 billion tons of CO2 with high concentration over 
98% each year. Moreover, from the aspect of CCS, this Energy Network can realize as low as 
15$/t of total CCS cost due to the quite low energy penalties of CO2 capture in the polygeneration 
systems and the combination of CO2 sources and storage sites. The new Energy Network has 
realized the proper combination of energy utilization and CO2 capture and storage according to 
the unique state of China. It is suitable for China and may play an important role in CCS in the 
future. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
   The global warming is becoming the most challenging issue in environment filed. And CO2 capture and storage 
(CCS) is getting more and more interest as a necessary option for climate change mitigation at the global level. Until 
now, around CCS many relevant technologies have been developed. In power plants, three typical options for CO2 
capture are developed, that are famous as pre-combustion, post-combustion and oxy-fuel combustion. There are 
many studies have investigated about these options. For example, the pre-combustion capture option has been  
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studied by Consonni and Chiesa [1-3], oxy-fuel combustion has been studied by Buhre and Inui [4-6], and post- 
combustion has been studied by Mofarahi and Bounaceur [7-8]. Some other options, such as biomass-based energy 
system for CO2 capture has been studied by Obersteiner and Azar [9-11], and chemical-looping combustion has been 
investigated by Jin and Ishida [12]. However, great energy penalty must be paid for CO2 capture in most of the above 
systems, which usually lead to an overall thermal efficiency penalty with nearly 7.0~15.0 percent points [13]. And 
great energy penalty leads to high cost of CO2 capture.  
   Meanwhile, energy security is another big issue that needs to be considered since China is abundant of coal but 
lack of natural gas and oil. In China, with the rapid economic growth, the liquid fuel demand is increasing sharply as 
a result of the up burst of the number of cars. It is predicted that the demand for liquid fuel will soar to 0.45~0.61 
billion tons [14-15], whereas the supply of liquid fuel can only keep at about 0.2 billion per year [15]. Huge gap exists 
between the oil production and supply. 
In face of both energy crisis and the need for CO2 abatement, an Energy Eetwork with polygeneration system and 
CCS suitable for China was proposed in our previous work in consideration of low-cost CCS and energy providence 
safety [16-17].  
In this work, the role of this Energy Network in China will be investigated at the national level.  The energy 
consumption of all processes of the Energy Network including the coal exploitation, energy production and 
transportation, CO2 transportation and storage will be evaluated, and the costs from energy production to CO2 storage 
in this Energy Network will also be examined.   
2. The Energy Network with polygeneration system and CCS in China 
2.1 Introduction of the Energy Network 
The concept of Energy Network with polygeneration systems and CCS has been proposed in our previous work as 
a possible solution for CO2 abatement and as an effective way to provide energy in China [16-17].   
Figure 1 Energy Network with polygeneration system and CCS in China [16] 
The Energy Network is: In the west of China where coal resources are rich but the energy demands are small, 
polygeneration plants which can capture CO2 with low energy penalty and with low cost will be installed near the 
western coal exploitation sites.  And then the cogenerated power and alternative fuels in these plants are transported 
to the east where energy needs are large but the energy resources are small.  The captured CO2 from polygeneration 
plants will be stored on sites in the coal basins.  While in the present method, coal is transported from the west to the 
east and combusted in supercritical power plants and traditional methanol plants, and the captured CO2 from these 
plants will be transported over thousands of kilometres to the storage sites which are usually in the west. Compared 
to the present method, the Energy Network adopts advanced system for CO2 capture, transports clean energy instead 
of coal, and matches CO2 capture plants with storage sites.  Figure 1 illustrates the concept of the Energy Network. 
2.2 The polygeneration system, transportation system and CO2 storage system in the Energy Network 
The polygeneration system with CO2 capture 
The polygeneration system with CO2 capture adopted in Energy Network is shown in Figure 2. Coal will be 
gasified in a slurry-feed Texaco gasifier and then goes for methanol synthesis after purification. Part of the unreacted 
gas from the methanol unit together with the recycle gas from distillation unit will be led into combined cycle for 
power.  GE S107H gas turbine is adopted in this system and 90% of CO2 is captured by Selexol process. It can 
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cogenerate 360MW power and 55h104t/y methanol. The thermal efficiency is as high as 45%. Details about the 
system can be found in reference [18].  
For reference, in the present method, two single product systems with CO2 capture for power generation and 
methanol production are selected: a 600MW supercritical power plant with CO2 capture (PC-CC) and a single 
methanol production plant with CO2 capture (MEOH-CC) of the scale 55.5×104 t/y. The two reference systems were 
described in detail in reference [18]. 
 
Figure 2   The polygeneration system with CO2 capture [18] 
CO2 transportation and storage system 
The CO2 is designed to be delivered at 15.2MPa in pipelines to keep it in supercritical state, and to be stored to 
enhance the coal bed methane (ECBM) since it is captured near the coal mines.  For there are no enough geological 
data about the selected storage sites, generally the injection pressure is assumed to be 15.2MPa.  
The storage capacity for CO2 ECBM in Inner Mongolia, in Xinjiang is about 4.5 billion tons and 5.6 billion tons 
respectively, which is far enough to store CO2 from the capture plants for more than 20 years [19].   
Coal, electricity and methanol transportation 
In China, coal transportation is primarily transported by diesel locomotive. Electricity is transmitted by state grid.  
And methanol can be transported through the existing natural gas pipelines from west to east.   
3. Site selection of the Energy Network 
In this paper China is divided into eight blocks according to the economic connectivity, which are Northeast (NE), 
Beijing-Tianjin (B-T), Northern Coastal (NC), Eastern Coastal (EC), Southern Coastal (SC), Central (C), Northwest 
(NW), and Southwest (SW). The NE district includes Liaoning, Heilongjiang, and Jilin, NC includes Hebei and 
Shandong, EC includes Jiangsu, Shanghai and Zhejiang, SC includes Fujian, Guangdong and Hainan, C includes 
Shanxi, Henan, Hunan, Anhui, Hubei an Jiangxi, NW includes Shaanxi, Inner Mongolia, Xinjiang, Ningxia, Qinghai 
and Gansu, and SW includes Sichuan, Yunnan, Guangxi, Guizhou, and Chongqing. The eight blocks are selected to 
be the energy terminal of the Energy Network. 
3.1 The energy needs in the eight economic blocks 
The scale of the Energy Network is decided by the energy needs of the eight economic blocks. In China, with the 
rapid economic growth, the liquid fuel demand is increasing sharply as a result of the upburst of the number of cars 
and industries. It is predicted that the demand for liquid fuel will soar to 0.45~0.61 billion tons during 2020 to 2030, 
whereas the supply of liquid fuel can only keep at about 0.2 billion per year [13, 14, 15]. The gap between oil supply and 
demand will be around 0.3 billion tons. Reference [20] has predicted the oil needs in the eight blocks, as listed in 
Table 1. 
Table 1   Annual average oil needs in the eight economic blocks during 2020 to 2030 
District NE B-T NC EC SC C NW SW 
Oil needs 
(108 tons) 
1.5 0.4 0.8 1.3 0.7 0.5 0.7 0.1 
  
3.2 Site selection of energy source in Energy Network 
According to our previous work, five principles are developed for the site selection of energy source in 
consideration of plant installation, energy transportation, CO2 storage and other factors. The principles are just listed 
here [16]: 
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1) The site must be rich in the primary energy resource so that there can be enough energy supply, 2) The 
transportation network should be developed so that the fuels can be transferred easily, 3) The CO2 storage capacity 
should be so large that the captured CO2 can be stored, 4) The water resource should be enough considering large 
amount of water will be consumed in the process of chemical production, 5) It is better that the local economic 
development is lagged behind so that the exploitation of coal can bring benefits for economy development of the 
local government and help to dilute regional poverty gaps.  
Based on the principles, Shaanxi, Inner Mongolia and Xinjiang province are selected as the energy source of the 
Energy Network. 
4. Methodology 
In this work, life-cycle analysis method is adopted to analyse the cost and energy consumption of all processes 
from coal mining to CO2 storage. Three stages are included in the Energy Network, energy production stage, energy 
transportation stage and CO2 transportation and storage stage. Energy production stage includes processes of coal 
exploitation, power generation, methanol production. Energy transportation stage includes processes of coal and 
methanol transportation, electricity transmission. 
5. Scenarios setting and the benchmark 
5.1 Scenarios setting 
The two main objectives for developing the Energy Network are CO2 control with low cost and state energy 
providence assurance. In this paper, three scenarios are developed based on the energy providence safety: 
60% Scenario: to keep the oil import dependency at 60%, it is widely thought that the energy providence is safe 
with the oil import dependency below 60% in China; 
50% Scenario: to keep the oil import dependency at 50%; 
40% Scenario: to keep the oil import dependency at 40%, it is widely thought that the energy providence is 
perfect with the oil import dependency below 40%. 
5.2 The energy providing principles 
The energy providing principles are set as: the area which is most lack of energy will be provided by the Energy 
Network as a priority. For example, if EC district is most lack of oil, the oil produced by the Energy Network will 
satisfy this district first. And it is also assumed that the polygeneration systems will start to be installed from 2020. 
5.3 Benchmark 
The Efficiency Assumption 
The thermal efficiency of supercritical power plant without capture ranges from 41-43%. For PC-CC plants, with 
MEA absorption process for CO2 capture, the thermal efficiency will decrease by 8-13% compared with the systems 
without capture. In this paper, the efficiency of PC-CC system is selected as 30% [18]. For single methanol production 
plant with CO2 capture, the efficiency of this single methanol production system is 46.5% according to the reference 
[18].  
Table 2   The efficiency of polygeneration system and reference systems 
System Thermal efficiency Reference 
Poly-generation system with 90% CO2 capture 45% [18] 
Pulverized-coal fired power plant with 90% CO2 capture 30% [18] 
Methanol production plant with 90% CO2 capture 46.5%a [18] 
Note: a   not include the capture from the captive power plant 
The energy loss of coal exploitation includes 1.55% for cleaning and 0.8% for the plant self-use [21]. It stands for 
the average exploitation level in China according to the statistics of National Bureau. Coal transport loss includes the 
storage loss, the loading loss and the fuel consumption of locomotive. On average, in China the loss rate during coal 
transportation is about 3% and the locomotive consumption is 11kWh/km per thousand tons of goods [21, 22]. The 
electricity is transmitted by grid. The average wire loss rate is about 6.7% of electricity [23]. The methanol 
transportation loss is about 1% now that it is similar to the oil transportation [24]. As for the CO2 transportation, the 
deliver pressure is designed to be 15.2MPa according to most references. The energy loss during CO2 transportation 
includes the friction loss and the recompression energy. The pipeline friction and local loss for CO2 transportation in 
super critical state is about 8.3kJ/t per 100km [25]. The boosting station along pipeline is installed every 200km 
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according to the IEA design and the power for boosting is simulated by software Aspen plus assuming the pressure is 
promoted from 8MPa to 15.2MPa. The power for CO2 ECBM storage is 27.8kWh/ton on average in U.S.A according 
to the Bock, 2003 [26]. Here, it is roughly selected as the Chinese scenario now that geologic data is lack for CO2 
storage sites. Dates of energy loss of other processes are summarized in Table 3.  
Table 3   The energy loss of other processes in life-cycle 
Process Energy loss Reference 
coal exploitation loss 2.35% [21] 
coal storage &transport loss 3% [21] 
electricity transmission loss 6.7% [23] 
methanol transport loss 1% [24] 
CO2 transport loss 8.3kJ/t-100km [25] 
CO2 ECBM storage  27.8kWh/t [26] 
CO2 boosting 4.2kWh/t - 
The Economic Parameter Assumption 
For different energy systems with CO2 capture, the COE or the CO2 capture cost will vary dramatically. For 
example, the CO2 capture cost in the existing coal-fired steam plants ranges from 29-50$/t adopting the MEA 
absorption process. The techno-economic comparison between the poly-generation system and its reference system 
which are selected in this case are discussed and analyzed in the reference [18]. The CO2 transportation cost in China is 
calculated by the formula [27]: 
0.4832.34 / 6.9pipelineCost L   
Where Costpipeline represents the CO2 transportation cost, $/t; L represents the distance, km. 
In consideration of the difficulty of construction due to complicate terrain, the CO2 pipeline distance is assumed to 
be 1.3 times of the direct distance [28].  
The ECBM storage cost ranges from -30~20$/t in foreign experiences when the gas benefit is included [29].  
Method from ref. [26] is selected to calculate the injection cost and energy penalty in China.  In consideration of the 
lower costs of materials and labors in China, the localized factor is assumed to be 0.8.  And the scale factor is 
assumed to be 0.67.  Based on the assumption and the investment data from ref. [26], the levelized cost of CO2 
ECBM storage is 9.2$/t (excluding the benefit brought by the coal bed gas).   
Table 4   The economic parameters 
Parameter value reference 
Methanol production cost of poly-generation system 143.9$/t [18] 
COE of poly-generation system with CO2 capture 0.04$/kWh [18] 
COE of PC-CC 0.061$/kWh [18] 
Methanol production cost in single system 242.7/ t [18] 
CO2 capture cost in PC-CC plant 21$/t [18]  
CO2 capture cost in polygeneration plant 4.4$/t [18] 
CO2 capture cost in MEOH-CC plant 13.1$/t [18] 
Coal exploitation cost 28.55$/t [29] 
Coal transport cost formula [30] 
Cost of electricity transmission formula [31] 
Cost of methanol transport 24.1$/t [28] 
CO2 transport cost formula [27] 
CO2 ECBM storage cost 9.2$/t calculated
6. Results and discussion  
As illustrated in Figure 3 and 4, the annual total cost of the Energy Network is 32.9% less than the present method 
in the 60% scenario, 33.2% less in the 50% scenario, 33.8% less in the 40% scenario. And the annual energy 
consumption of Energy Network will be around 22% lower than the present method.  
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Figure3    Annual total cost in Energy Network and present method 
                                                            
Figure4    Annual energy consumption in Energy Network and present method 
About 30%~33% of cost will be saved at the energy production stage due to the advanced polygeneration systems 
instead of traditional PC-CC and MEOH-CC. At the energy transportation stage, about 40%~42% of cost will be cut 
down due to electricity and methanol transportation instead of coal transportation. And at the CO2 transportation and 
storage stage, around 35%~52% of cost will be lowered down due to much shorter CO2 transportation distance in 
Energy Network.  
                                               
Figure5    Cost saving rate at different stages in Energy Network 
As for CCS, around 25% more CO2 can be captured in Energy Network than in the present method for less CO2 is 
captured in MEOH-CC plants of present method. And the CCS cost in Energy Network can be as low as 15$/t, which 
is much lower than around 50$/t in the present method. This is because the adoption of high-efficient polygeneration 
system in Energy Network can realize low-cost CO2 capture due to its low energy penalty for CO2 capture. And the 
CO2 transportation cost can be minimized for long distance is avoided in Energy Network.  
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Figure6    Annual CO2 captured in Energy Network and present method 
                                                  
Figure7    The total CCS cost in Energy Network and present method 
7. Conclusions 
The possible role of the Energy Network with polygeneration system and CCS in China is investigated at the 
national level.  Results show that to control the import dependency of oil in the range of 40%-60% during 2020 to 
2030, the Energy Network can save primary energy about 20%-30%, reduce total cost 30%-40% and can capture up 
to 1.6h108 tons more CO2 compared to the present method integrating the coal fired supercritical power plants with 
CCS and the traditional alternative fuel plants with CCS. The Energy Network shows distinct performance on energy 
savings, cost reduction and CO2 emission abatement in a wide range of conditions. It has realized the combination of 
energy supply and CCS with low cost and low energy penalty according to the unique state of China, which makes 
the commercialization of CCS really to be possible. The Energy Network is suitable for China and may play an 
important role in CCS in the future. 
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